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(S7) Claim 

i. A tissue adhesive for treatmem of iraunda which coagulates after 

contact with a wound surface containing. In liquid or solid form, fibrinogen. F 
xxzz« a thfomi)in Inhibiior, prothrombin (actors and calcium ions. 

9. A process for the production of a tissue adhesive as claimed In 

Claim 1 or Claim 2, which comprises addition to an aqueous isotonic solution 
which has a pH of 7J6. which has bew. where appropriate, pasteurized and, 
where appropriate, sterilized by filtration, and which contains at least 16 g/l 
human fibrinogen 2 g-atoms of caldum per mol of fibrinogen and 1*6 g/l 
L-arginine monohydrochioride. of sufficient of a solution, which has. where 
appropriate, been pasteurized of human factor xsiz of human albumin, of 
prothrombin concentrate, of antlthrombin zxz and of aprotinln and. where 
appropriate. Ma gkitamate and Isoleucine that the freeze-dried solution contains, 
after reconsUtution In 1/4 of the volume dispensed Into the container, these 
substances In the following concentration ranges: 

65-115 mg/ml of human fibrinogen 

40-60 U/mi of factor xiix 

4*40 mg/ml of human alt>umln 

1-50 iU/ml of PPSB (prothrombin factors) based on F iz 
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(prothrombin) 

0.01*50 lU/ml of antiihrombin xix 
and where appropriate 

M 0.000 KlU of aprotlnin/ml 
and 0*20 g/l of Na glutamate 

and 0-20 0/1 of isoleucine. 
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Dr. H«/Bn 

A ^n>>cQ«Donent tUfue adhesiv e ^"d a process for 
t he production thereof 

The invention relates to • tissue adhesive which contains 
fibrinogen, factor XIII. • thro.bin irhibitor, prothro.- 
bin factors, calciu. ions and, -here appropriate, a plasmin 
inhibitor. The accelerators which art naturally present 
5 on tht wound which is to bt bonded result in the thro.bin 
Which is necessary for adhesion being libtrat.d fro. tht 
prothrombin in tht adhtsivt. 

m physiological proctssts involvtd in tht rtpair of 
10 Itsion. in hu.an or ani.al tissues result in fibrin being 
deposited in the region of the injury. This is initiated 
by thro.boplastin flowing out of tht injurtd ctlls and, 
on contact with plas.a factor VII for.ing factor X activ- 
.tor which then, together with factor V and in a co.pltx 
15 ^ith phospholipids and calciu., convtrts prothro.bin into 
thro.bin. Tht action of thro.bin in turn rtsolts, vi. 
tli.ination of tht f ibrinoptptidta A and B fro. fibrino- 
gtn, in fibrin .ono.trt which aggrtgatt to for. fibrin 
filaatnts whUh art eovaltntly erosa-Hnktd, with tht 
20 for.ation of itoptptidt bonds by f Xllla, a transglut- 
aainasa i»l»«ch is liktwist activated by thro.bin. An in- 
hibUor, na.tly alphaz-ant iplas.in, is bound by factor 
XIII onto the fibrin fila.ents and prottets tht. fro. 
dtgradation by plat. in. 

It is tvidtnt fro. this proctss of ht.ostasis and wound 
htaling that, in addition to fibrinogtn as substrata, 
two tniy.es are rtouirtdi thro.bin and factor XIII. 



25 



SO 



Tht task of thro.bin in this connection is to activate 
both fibrinogen and factor XIII, that is to say to con- 
vert the. into their reactive for.. This is the fibrin 
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nonomer In the case of fibrinogen, and is the catalytic- 
ally active transglutaminase (F Xllla) in the case of 
factor XIII. 

5 European Patent 0,068,047 discloses an enriched plasma 
fraction which is suitable as a wound closure and con- 
tains fibrinogen, a fibrinolysis inhibitor and thrombin 
or prothrombin in an anhydrous system. This adhesive 
cannot be applied dissolved in water, but can be applied 
10 only as a powder, which is a disadvantage for use. When 
the mixture is dissolved in water, the components react 
together, and a clot is produced. 

For a one-component adhesive with water as solvent it is 
IS difficult to combine the active substances in such a way 
and in such quantitative ratios that no premature and un- 
desired activation takes place during the production of 
the adhesive, the recons t i tut ion with a solvent and the 
maintenance in readiness for use and, on the other hand, 
20 a sufficiently high strength is achieved relatively 
quickly after application to the adhesion site. 

Surprisingly, conditions allowing reproducible production 
of a one-component adhesive, which can be manipulated in 
25 practice, in a physiological medium have been found. 

The requirements for a one-component adhesive of this 
type to be produced and be amenable to processing are 
that the relative concentrations of fibrinogen, plasmin 

SO inhibitor, F XIII, prothrombin concentrate, thrombin in- 
hibitor and calcium ions are optimized. This particularly 
applies to AT III as thrombin inhibitor and to calcium 
ions, since the calcium ions are essential for activation 
of the coagulation factors. High concentrations increase 

3S the rite of thrombin formation, and low concentrations 
slow it down. Hence it is necessary that the concentra- 
tion of calcium ions is optimal. Since, when this is the 
case, the formation of thrombin cannot be ruled out, it 
is expedient to combine with a thrombin inhibitor. 
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preferably AT iii . This is because, on the one hand, the formation of thrombin must be 
ruled out during the production of the adhesive and. on the other hand, the adhesive must 
rapidly form a stable clot when coagulation, that is to say the deposition of a fibrin film, 
is initiated on contact with wound surfaces. Accordingly, the production of a 
5 thrombin-containing one-component adhesive and its use in aqueous solution is 
inconceivable and. moreover, it is possible to use prothrombin only under conditions 
which prevent activation to thrombin during production and preparation for use. These 
include setting up defined concentration for use. These include setting up defined 
concentrations of thrombin inhibitor and calcium ions. 
1 0 Thus the invention relates to a tissue adhesive which coagulates after 

contact with a wound surface containing in liquid or solfd form fibrinogen. F xiii, a 
thrombin Inhibitor, prothrombin factors, calcium ions and, where appropriate, a 
plasmin inhibitor. 

The invention also relates to a method of preparation of the tissue 

15 adhesive. 

It was surprising that it is possible to pack, and use as tissue adhesive, 
fibrinogen together with prothrombin as a so-called hypercoagulable solution which, 
moreover also contains calcium ions and AT izi. 

An adhesive of this type according to the Invention can be converted into a 
20 solid form, for example freeze-dried. and reconstituted with water. It can contain all 
the active substances in pasteurized form, and is then free of the risk of transmission of 
hepatitis and HTLV iiz. 

The mixing ratio of the active substances fibrinogen, plasmin inhibitor, F 
XIII, prothrombin factors, calcium Ions and AT iii is such that no premature 
25 activation takes place and such that, however, the mixture spontaneously coagulates, and 
deposits fibrin, on contact with wound surfaces. 

The time In which this takes place is consistent with clinical 
reqijirements. The one-component adhesive 

30 
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according to the invtntion dots not difftr in its action 
Iron the two-coaponent s/iteas of the state of the art. 

The aiKture of active substances in this adhesive is such 
5 that^ in the solution for use^ the concent rat ion of fi- 
brinogen is 70-90 ng/al and that of the prothrombin 
factors is between 10 and 30 U/al based on f II. The con- 
centration of caUiufli ions^ soae of which are protein- 
bound in the adhesive^ is intended to be O.S'1 aaol/l in 
10 the solution for use. Exaaples of thrombin inhibitors 
are AT III^ hirudin and heparin, and AT 111 is preferably 
used in a concentration of 0.1-1 U/al of tissue adhesive; 
at this concentration it prevents, at the aboveaent ioned 

. .1 concentrations of prothroabin factors and calciua ions, 

** IS preaature fibrin foraation. On the other hand, however, 

• it is possible to favor the latter when this appears de- 

sirable on the basis of the indication. For this purpose, 
it is possible to dissolve the freece-dried adhesive in a 

\ \y higher final concentration of calciua ions than 0.5-1 

****** 20 aaol/l. However, rapid use after rtconst i tut ion is then 
necessary. 



• • . 



To produce the adhesive, the active substances art in- 
itially produced in soluble fora having the highest poss- 

2S Iblt activity and, uhere appropriate, having been pasteur- 
ised. The fibrinogen concentration should be as high as 
possible, since the strength of adhesion increases with 
increasing concentration. The fibrinogen can, for esaaple^ 
be produced and pasteurised as described in European 

SO Patent 0,103,196, and given the desired solubility by 
additives of the type of coapound containing urea or 
guanidine residues as described in European Patent 
0,08S,92S« Factor XIII can be pasteurised as described 
in European Patent 0,018,S61, and the prothroabin factors 

35 can be pasteurised as described in European Patent 
0,056,629. 



The active substances in the preferred adhesive according 
to the invention in principle coaprise huaan fibrinogen 
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in the highest possible concentration^ enriched with 
factor XIII and the factors of the prothrombin complex 
(factor II, VII/ IX and X), calcium ions and antithrombin 
1II« The tissue adhesive also contains an inhibitor 
5 which inhibits plasminogen activators and/or plasmin and 
thus protects the resulting fibrin from degradation by 
plasmin. This inhibitor may be in the form of a concom* 
itant substance of the fibrinogen selected for the bond- 
ing, but is preferably added to the adhesive in the form 

10 of aprotinin. To improve the recons t i tut ion of the tissue 
adhesive after f reeze-dry ing, it is possible for the lat* 
ter to contain albumin and/or substances which contain 
the urea or guanidine residue and also contain, where ap- 
propriate, an amino acid with a hydrophobic side*chain 

IS or a water-soluble fatty acid and, in addition, heparin. 

The fibrinogen which is suitable and preferred for prep- 
aration of the tissue adhesive is purified and already 
contains factor XIII. However, apart from this, also 

20 suitable is cryoprecipi tate which, experience has shown, 
contains alpha2*ant iplasmin and human albumin in addi- 
tion to factor XIII. It is also possible, however, to 
produce an adhesive of comparable action by mixing the 
individual components, namely: human fibrinogen, factor 

25 XIII (from plasma or placenta), plasmin inhibitors, pro- 
thrombin factors (factor II, VII, IX and X), albumin, AT 
III and calcium ions, a compound with a urea or guanidine 
residue, or an amino acid with a hydrophobic side-chain 
or a water-soluble fatty acid. 

30 

The mixture of the active compounds for the adhesive is 
advantageously in the form of a solid, preferably a lyo- 
philixate. 

35 The tissue adhesive preferably contains the following 
quantities of active compounds, which are pasteurized 
where appropriate, based on 1 ml of solution for use: 



65 - 115, preferably 70 - 90, mg of highly purified human 
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f ibrinogen 

40 - 80 U of factor XIII 

1 - 50, preferably 10 - 30, lU of PPSB (prothrombin factors) 
based on F U (prothrombin) 
C - 10,000 KIU of aprotlnin 

0.01 - 50, preferably 0.1 - 1/ lU of ant i thrombin III 
0^5 USP U heparin and 

0,1 - 5/ preferably 0.5 - 1 mmol /lof cat c ium ions, prefer- 
ably as calcium chloride. 

The adhesive can contain, for example glutamate, L-iso- 
leucine, L-arginine or human albumin as stabilizers and 
solubil izers. 

The mixture of the solid active compounds of the tissue 
adhesive can be dissolved in water, or in a solvent con- 
taining calcium ions, in a short time at 20®C. When 
applied to the tissue which is to be united or bonded the 
adhesive develops within a sufficiently short time a high 
bonding strength without thrombin being necessary as a 
second component. 

Accordingly, it is possible to apply the adhesive in 
liquid form using a single syringe, so that preparation, 
25 manipulation and use are straightforward. The adhesive 
is tolerated and is completely absorbed. 

This one-component adhesive does not differ, either in 
the bonding time or in the rupture strength, from a two- 

30 component adhesive, as has been found in bonding tests 

in the model of puncture wounds of the rat skin and in the 
bonding of small intestinal anastomoses in hogs. It is 
even possible to increase the bonding strength by choos- 
ing an optimal calcium ion concentration of the solution 

35 which is used to dissolve the freeze-dried active com- 
pounds. 

The examples which follow are intended to illustrate the 
invention. 
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Exaaplt 1 

To product SOO nl of tUsue adhesivt^ S80 g of p«sttur{<«d 

highly purified huaan fibrinogen which contained 2 c«l- 
5 ciu« ions per mole and had b«en obtained at described 
in European Patent 0,103,196 were dissolved in 580 al 
of buffer, pH 7.5 (dialysis buffer), with the following 
coapos i t ion : 
0.05 aol/l NaCl 
10 0.005 aol/l trisodiua citrate 

0.3 g/100 al L-arginine aonohydrochlor idt. 

The fibrinogen solution which had been obtained in this 
way was dialysed twice for 16 hours and once for 8 hours^ 

15 in each case against 36 I of buffer of the saae coaposi- 
tion, at ♦4®C. The voluae of the fibrinogen solution 
after the dialysis was 1.53 I. The solution was then 
: centrifuged at 8000 x g for 20 ain. The optical density 
of the solution, aeasured at 280 na, was 47. This solu- 

20 tion was diluted with the aboveaent ioned buffer, to which 
the other adhesive coaponents had been added (see below), 
to an optical density (280 na) of SS to 37, i.e. to about 
20 0/1 huaan fibrinogen. 

2S The specific procedure for this was as followst the di- 
alysed and centrifuged huaan fibrinogen solution (1.53 I) 
was filtered successively through filters of pore sixes 
0.6S and 0.2 u et 35 to S7^C. 117. S al of pasteurixed f 
XIII concentrate, containing 350 U of F Xllt/al of phy- 

SO siological saline solution, was filtered through a fil- 
ter of 0.2 u pore site inf^ the resulting sterile fi- 
brinogen solution. 

Then 51S,000 KIU (kallikrein inhibitor units) of aprotinin, 
35 5.13 g of Na glutaaate, 33.9 al of • huaan albuain solu- 
tion containing 20 g/100 al, 6.78 g of isoleucine and 
10,000 U of pasteurixed PPSB concentrate (prothroabin fac- 
tor concentrate; activity in units based on f II), 100 U 
of AT III (pasteurixed) and 3.1 al of 0.1 aol/l CaClj 
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solution wtrt addtd. 

Tht volua* w«« thtn aidt up to A07.5 al wHh dUlytU 
bufftr. ThU tolutlon wis filtertd through « filter of 
5 0.2 u port »ixe into th« f XI I I-eont« ining fibrinogtn 
tolution. About 2,05$ al of solution of pH 7.5 and tht 
following coaposition wtrt obttintd: 



liuaan fibrinogtn 


2.0 


g/100 al 


huaan albuain 


0.33 


g/100 al 


•rginint 


0.3 


g/100 al 


Na glutaaatt 


2.5 


g/l 


Itoltuc int 


3.3 


9/1 


factor Xin 


20,000 


U/l 


aprot inin 


250,000 


KIU/l 


prothroabin 


5,000 


U/l (calculattd at F II) 


antithroabin III 


50 


U/l 


NaCl 


0.05 


aol/l 


tritodiua eitratt 


0.005 


aol/l 


calciuB chloridt 


0.15 


aaol/l. 



Tht tttrilt tolution was paektd in k al portions and 
frttsfdrftd. A colerltss, rapidly dissolving lyephili- 
aatt was obtaintd. 

2S 

For ust as tissut adhtsfvt, ont paektd portion was taktn 
up In 1 al of solvtnt. 

Isaapit 2 

SO 

To product US mi of tfssut adhosivt, 100 9 of a pssttur- 
Ittd, highly purifitd huaan fibrinogtn fraction, obtaintd 
08 dttcribtd in European Pattnt 0,103,196, wtro dis- 
toUtd In 112 al of dialysis bufftr and dialyttd thrtt 
95 tints ogainst 10 I tach tint of tht saat bufftr as 

in Eiaaplt 1. Tht voluat of tht conctntrattd fibrinogtn 
solution afttr dialysis was 269 al. It was ctntrifugtd 
at 8,000 I g for 20 ain. Tht optical dtntity of tht tolu- 
tion at 280 na was 69.2. Tht solution was diluted with 
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• bufftr whott conpotitlon corrttponds to Ch«t of tht 
dUlxtfs bufftr, and in which $11 the other adhesive coti* 
ponents have been aixed, in such a way that an optical 
density at 280 na of 3S * 37, based on fibrinogen, was 
5 reached. 



The procedure for this was as follows: 
127 mi of buffer were introduced into a vessel and then 
8.2 ml of huaan albunin solution containing 20 g of huaan 
10 albuain per 100 al of solution, 6 al aprotinin aaounting 
y\.. to 125,000 KIU and SO al of prothroabin concentrate con* 

taining 2, $00 U of factor II and 25 U of AT III were 
added. 1.6S g of L-isoleucine and 1.2S g of Na glutaaate 

• • • • 

• •« vere dissolved in this, and then 40 al of F XUI concen- 
*r ' 15 tr«te containing 10,000 U of F XIII wert added, the aix- 

• **" ture was hoaogenized, and the pH of the solution was ad- 

justed to pH 7.S. 

• «, Subsequently this solution was aixed and hoaogenized with 

20 the fibrinogen solution which is described above and 0.7S 
al of a 0.1 aolar CaCl2 solution, and was steriliied 
by filtration through a filter of pore sixe 0.2 u at 3S* 
37^C. About 500 al of sterile solution of the coaposf- 
tfon as in Exaaple 1 were obtained. This solution was 

25 paciied in 4 al quantities and f reeie*dr ied. A colorless, 
rapidly dissolving lyophilizate was obtained. 



For. use as tissue adhesive, one packed portion Is taken up 
In 1 al of solvent* 
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THE CLAIMS DEFININQ THE INVENTION ARE AS FOLLOWS: 

1 . A tissue adhesive (or ireatmeni of wounds whidi ooagulalos after 
contact with a wound surface containing. In liquid or solid form, librinogen. F 
xzxx. a tfirombin infilisltor. prothrombin (actors and calcium ions. 

2. A tissue of Claim 1 which contains a plasmin inhibitor. 

3. A tissue adhesive as claimed in Claim 1 or Claim 2 which is inttie 
form of a solid. 

4. A tissue adhesive as claimed In any one of Claims 1 to 3 wherein 
all the active substances it contains are pasteurized. 

5. A tissue adhesive as claimed in arty one of Claims 1 to 4 which 
contains in solution 70-90 mg/ml fibrinogen. 10-30 U/ml (based on F zz) 
prothrombin (actors. 0.5-1 mmoV\ calcium ions and 0.1 -1 lU/mi AT zzz. 

6. A tissue adhesive as daimed in any one of Claims 1 to S which 
contains as plasmin inhKXtor aproUnin or alphaz-anti-plasmin. 

7. A tissue adhesive as claimed In any one of Claims 1 to 6 which 
contains m ttuombin Inhibitor oniithrombin zzz, hirudin or heparin. 

8. A tissue adhesive as daimed In any one of Claims 1 to 7 which 
contains In 1 ml of solution 

65-115 mg of human fibrinogen 
40-80Uof factor XI zx 

1-50 lU of PPSB (prothrombin factors) based on F iz 
(prothrombin) 

0.01-50 lU of antithrombin zzz 
0.1-5 mmol/l of caldum ions 
and where appropriate 

M 0.000 KlU of aprotlnln. 
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9' A procoss for iho production of a tissue adhosivo as ciaimod In 

Claim 1 or Claim 2, wtiich comprises addition to an aquooos isotonic solution 
which hat a pH of 7.5, which hos boon, whoro appropriato, pastourijod and. 
where appropriate, storllizod by (illrallon. and which contains at loast 16 g/t 
human fibrinogen 2 g atoms of calcium per moi of fibrinogen and 16 g/l 
L-arginine monohydrochlorido. of sulfidenl of a solution, which has. whoro 
appropriate, been pasteurized of human factor xiii of human albumin, of 
prothrombin ooncenlrale. o' aniithrombin z x x and of aprotinin and. whoro 
appropriate. Na glutafflate and isoleudne that the (reeze-drlod solution contains, 
after reoonitilution In 1/4 of the volume dispensed Into the container, these 
substances In (he following oonceniraiion ranges: 

65*115 mg/ml o( human fibrinogen 

40-80 U/ml of factor xz x i 

4*40 mg/ml of human albumin 

1*50 lU/ml of PPSB (prothrombin factors) based on F ix 
(prothrombin) 

0.01 '50 lU/ml of antlthrombin zxz 
and where appropriate 

MO.00O KlU of aprollnln/ml 
and o«20 g/l of Ma glutamate 

and 0-20 g/l of Isoleudne. 

this 21st day of February. 1991 
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